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Abstract of JP1 02701 71 

PROBLEM TO BE SOLVED: To provide a low driving voltage 
and highly efficient high luminance light emission organic EL 
element by providing a light emission layer made of an 
organic compound between opposing positive and negative 
electrodes and further providing an organic compound layer 
doped with donor dopant metal in the boundary of the 
negative electrode. SOLUTION: A positive transparent 
electrode 2 and a negative electrode 6 which are made of ITO 
or the like are arranged opposite to each other on a 
transparent substrate 1 made of glass or the like, a hole 
transport layer 3 and a light emission layer 4 made of an 
organic compound are provided therebetween, the metallic 
doping layer 5 doped with metal functioning as a donor dopant 
is formed in a boundary with the negative electrode 6, and 
thereby a highly efficient organic EL element is provided. For 
the donor dopant, alkaline metal of Li or the like having a work 
function of 4.2 eV or lower, alkaline earth metal of MG or the 
like or transition metal such as rare earth metal is preferably 
used, its concentration is preferably set to 0.1 to 99 wt.%, and 
a metal doping layer thickness is preferably set to 10 to 3000 
&angst . Thus, the energy barrier of electron injection from the 
negative electrode is reduced and low voltage driving is 
performed. 
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[4*m»#©«5H] 

itmmi] »i6ii-5»ffi«ffitisffiflt*<oBt, ir 

- K-^V YiK itmm&iH. 2eV BTroT/i-* JJ & 
A. r/u* U ±MM&tM±ff*M*dtf»iteJI«> 

^JRK-fv-^froK-^— K-/<yhMi s « 0. l 

ic&^T, K-fy^iof ioA~300oAt? 
K*5^T, |*«1IWS*m©'>*< H-oii7/U5 = ^ 
[0 0 0 1] 

[0 0 0 2] 

SA3il5#l36iU LA»fe*rtMI«>iWSr2000A£JlT 
t-fscii-tN iov ^TcoEnSDmET-iooocd/m 2 tfl-gB 

tlCJ&^Lfc (Appl. Phys. Lett., 51, 913 (1987). 

fc*, tt*BIISSc©/h;*v*g (^*->?a) ^ffiffiL- 
[000 3] flJKfWJtt^ttcD^-:/ (fg5 l BUS 

fflfeS^^flfftJft^, IS^^fa*28a-PB-4, p. 1040) 



|g?H^m«29p-ZC-15 , p. 1127) 
14, MgiiJSlCttVgaiScW/hSv^i (y^^A) fcfflv> 

ai t*^ki-5*»wj;95feJ6{l:S*Hi 

W# t> fiWUffc^feJI ± lO-i £ T-10 A fig tffi *T 

■b«BEO«ilCir«|-e*»5rit:«ftUTV^5 (IEEE T 
rans. Electron Devices. , 40, 1342 (1993)) „ 
[0 0 0 4] SfeIC:, *JfiTi±UNIAX ItOTei <bri 5 , *° 

S*IC^5bl,T^5 (Science, 269, 1086 (1995) ) „ 

Srin situ T-K-fv-^-f-SttOT-fcS,, It 
fo5Li(d±oTS7C$ttfc7i>*^T-^->ttBT*ffi5E 
9}i£"-Cffi;< (Science, 269, 1086 (199 

5) ) . 

[0 0 0 5] L/J»Lfttf5P>, Mg^LiW-g'&IH&K&^T 

fc**©iMis*fcj:s**£{is#]Bc.5±, EattttJ: 

ISSffiTtt, Li»©W**J20A£K±-eH:|»tti:LT« 
^Ukl 1 - (IEEE Trans. Electron Devices. , 40, 1342 
(1993)) . Sfc, Pei e>©3&ttJff (Ci£&gsflOL-cm# 
t-T&ItJ-tirSin situ K-fV^i£fl±, fifBILfc^ 

[0 00 6] 

[319!© g ft] ^Ig^tt, W±©|ftfflil«^T<C*ixfc 
&Mc*Jlt5i*A'^-»WSrfiT**5 £ £ J: •> , 

zmmnt i,xm&xm^±m-£xi>, ±.m<o&&* 
mmtLxm^tzm^tmm. «L<tt-etvw±<o#tt 

[0 0 0 7] 

K-f- k-^<>- h t Lxmm.-f?>&mx' 

^w^iiELSf^fi, »i»J-r<5l»ffi«ffii:^SSiro 



ft*B8«:*S4. 2eV WTOTyw* ]) T>vti y ±ijg& 

M> M©J¥$fi, ioA~300oAil"5 r 4# 
[0 0 0 8] 

f v 5 *s ± am t * 5 * mmm e *«■ l t 4 o 

T^6. r*iP>©S* Ui) ©?*>, (SBJ 
t LTtt, roffi, »ffi/H3t«/-^JS 

mmm/&m v-v^m/vm. um/m&Am/ 
& : M&m/%m/&mh'-v^ym/mm, mm/ 

**E L*?-tt. K— fy^l 5 6i© 

[ooo9j ^WLS^-eaiMisj^K^ttKifta^-e 

T*fo5 (Phys. Rev. Lett., 14, 229 (1965)) „ &%ffi 

&®««^©m^aAI-8H-5^/i^--|$g£fg-fr 

tz-%mt-&<tomx-hz> 0 <kmv-t°y>fm<p\z^ -fx- 

LTffll^HTV>3££ftAl©J;9ft&jg£<g$ 

I o o i o ] r ©*§£, Kf-— k-/^ h ii*afc*ft 
v ±m&m. %±m&m&'£ttm&&mx-htnm 



atftffl-p*. afMSiLTLi, Na, K , Be, Mg, Ca, 
Sr, Ba, Y , La, Mg, Sm, Gd, Vb. ft 4>W (bttS. 
[001 l ] K-f >^Jgcfj<o K-/<>- 
KK^ftftl^S, o. i~9 9a*%T*>3r 4riS& 
*U\ 0. ifi#%*»-c» 4 , K-zOMctpn^ 

^©S6*^/h$<, 9 9M%£«;t.5 4» Kf"©&M 
**^#«»^«S*l±53JMciax. % it5c#-?©jRg# 
WSttTtSOf, K-f>^©a*t>T^5. £ 

#10A~3000A##*U*. 10A*«T'tt, Sl#®i£ 
[0012] ±|EA* K— 5 ©fiJWSH, 

•ytmmmx-zs. ^ ^m^hom^xmmmm 

[0 0 13] «?HSJ|. &*h'-V*?mb 

Lxmxzzftmit-tvok LTii, #Kpg£i±ftvN 

T>-h7-ir>-, 7if> h ^>ft4*©SS-g- 

/^/yv, ^5:>- N ^7i=/nfi/> i t*=./ur> 
^fciV^^ro^^ftifSr^ifsrt^Ws. 

[0 0 14] #BSB§63-295695 #M¥8- 

22557 #gH¥8-81472 4j^«, ^^^5-9470^. 

#§B¥5-17764 #^KB|i5*3fL-cv*$£H*u 

(8-df/y/7h) ^^->>7A % t'X (f) - 

8- y j y hi sft, t*x (2-y ^-s- ^ / y y 

7h) r/Kr^A, y /7 |.) 



a, 8-*y y y 7 h y^A, i> y ^ (5-^ n 0-8- ^ 

yy/7h) #y ^a, tr* (s-^nn-8- 

h) tuws<y^tili<o&-*; y y 7 h*>5iMi*0>W* 

[0 0 15] «fBH¥5-202011-§-^«, *fBB^7-179394# 
#Bfl¥7-278124-f§-4*«L #M¥7t2285794§-4M8I:: 
HS^ S ftT^S***^T /-/HI, #§fi¥7-157473^ 
a«JCBI»StlTV^5 M7v^3I, #W¥6-203963^- 

JVT y -uyiifc ttBIV6-132080«&«^ttB|3PG- 

88072 %&mm^£tix^z>x^v ^mm&, ®m¥ 

6- 1 00857^«^BB¥6-207 1 70^&« [C ffiTjk £ JxT t * 

[0016] £*>tc, ^<yyt^ty-;i/I, 

*WB"C** WtH #MBg59-194393 ^«I^BB*$ix 
T^5t>©#*tf fejx*. *«)ft*«i: LTtt, 2,5-fc* 
* (5, ^^yW-2-^O/^^^^y^) -1,3, 

4- f7^-;K 4,4'- t** (5, 7-t-^V^/U-2- 
/^^rf-Zy/W) ^/WO', 4,4'- fcf* [5,7-v^ 

(2-y^/u-2- -2- -o-y^^f-^y/u] 

/l"<>\ 2,5-t** (5. 7-v^-t- -<>=5-^-2- +Os*/it* 
tyyyW ft7iy, 2,5-tf* [5- (a, a- 

/vo-vM") y^] ft7xy N 2,5 

-If* [5, 7-v>- (2-y ^/l-2- ^/P) -2- -O-/^- 

^■•^✓y/u] -3,4- *J7 =.~A>?-jty * 

(5-*f7H2- ^s/aMMJ-j/JJ/P) ^;**7:n>\ 4,4' 

- t*;* (2-^<yyt^ty y^) t^^^K s-^t/u 

-2- {2- [4- (5->fvU-2- -<V/^^f-/y/U) 7ai 
-yv] tf-A-} ^s^jr*y-J— /K 2- [2- (Han 

^^^^rf-/-^, 2,2'-(p-7^-U^v/b 8 ^U 

2- {2- [4- (2— <VV r -T ^^/y/U) 7x-/U) tf- 
/U} -<y^;^/-/K 2- [2- (4-^7/l^^>v-7^^ 

[0 0 17] ^^■y/u^^VJRft'frtttLTfi, #1 
* tiBWfl (Mf ^0373582 #9HB*K H to * ftT 5 fc © 
«rfflv^5rt#-e*5. *©ft*«i:LTH\ 1,4- if* 

(2-^^/u^^yyu) -OirV, 1,4-t** (3->fvw* 
^y/p) y % 1,4-tf* tt-^fvw^y ao 

-fcf>\ v^f-y /WO~tf 1,4-fcf* (2-31^/U^^y 
)V) 'O'-tfV, 1,4- If* -<yif 

>\ 1,4-tf* (2-y ^/u^f-y/u) -2- yfywo-* 

1,4-fcf* (2-^^/U^f-y -2- Ji^U^OifV 
[0 0 18] tfc, 1*BH¥2-252793^a^BB^$ttT 



Mi: LTIi, 2,5-fcf* U-^fvu^y/u) t*7^ 
2,5-fcf* (4-^^^^y/U) fc'7^>\ 2,5-fc** [2- 

(l-^-y^/U) tf^/U] t'r^, 2,5-tfX 
v-^^-y/u) fc'^v^, 2, 5-fcT* [2- (4-fc*7a:^yU) 
f7^, 2,5-tf* [2- fcf- 

[0019] mmt$m88768^wmw^¥rM 

5P3-231970-g-^#t^BI*$tLTV^S v>y f Df^f >-R* 
^l/y^f !)7>fy, 4,4'- 7rc-U>^7«^y y^^ 

2,5-^r-yyi/y^f Df^y, 2,6-t7f i/yy 

U7^, l f 4-f7x=l/y^f!)7^, 1,4- 
p-f!/7i^uy^f!)7>f^ 9,10- T^hyirV 
^^fy7^, 4,4'- (2,2- ^-t- ^7x 
-/Vf^/W) tf7ic^i/K 4,4 , -(2,2-v ? 7^^/H:^ 
/u) t'7x^/K ft ^ at5r*Lb©||»^'#HT 

6- 49079 *&*L *M>¥e-293778-8-a«fcBI^*ixTV^ 
55/7^$ «FH^6-279322-^«, #P^¥6- 
279323-g-^# ^ H * S ixT V ^ S # t SB ^ ^ y /Wk^ft , 
^BB2p6-107648^«^i|#H5p6-92947 ^«{CBB^ $ 
t^Tv^5^^i^^Ty > -7^^fr, 4#M¥6-206865^ 
«^BB^SnT^5TVh7ir^b^», #^¥6-1451 

4-96990 ^-^(-M^^^ITV^T- h77x^y^v? 
^ , #M ¥3-296595#^a H» S IxT If ^ 5 # 

HZWIBft^*, SfelCfcl:, WH¥2-191694«&«K:H 
^^tlTV^^-^y ^RSIft, #BB¥2-196885^«li 

BB^^nr^s^y i^y», »«|sp2-255789#tBi 

^^i^TV^5•^> r ^U'V^^^:, #^¥2-289676-§-5.t>* 
#P?l¥2-88689 *4^«»wB!»S*iri^57*D^5/>' 
#PJ¥2-250292-g-^#tCPJ^$^iT^5X^y 
^T5>»aW*ftif^f e>tt5 0 Sfcfc, t***«EL 

[0 0 2 0] IE?LaAl> IE?LttSji, 

WfcBSttftV^, #^B¥6-25659 #BB¥6- 
2 0 3 9 6 3 ^M^F 6- 2 1 5 8 7 4 

#M¥7-145116^a, »M¥7-224012^«, 

7- 157473^^, ^mm-48S56 #P^¥7-1262 
26-g-^a, 4*BB 5 P7-188130*>^a x #1^8-40995 ^ 

#BB ¥8-40996 #P ¥8-40997 #4>«, » 

BB¥7-126225#^«, 4*M¥7-101911-^«L #^¥7- 
97355 *^atBB^$ixTV^T y -yuT ^ >ik$mm 
WJU, «^L(i, N.N.N'.N'-T' b7 7x^/M 1 4'- 
^7;/7x^ N, N* - v/7ai^/U-N, N'-v 5 (3-^f- 
yU7zc^/W) -M'^T;;^!^ 2, 2-tf* (4- 



>=-p- h<J^TS.yy^-;u) 7us<y s n,N,N',N*-x 
hf-p- Fy/HM'-^T^/t'?!^ f* (4-v? 
-P- h!)^7^7x=;U) N, N' - 

7 = i;m,N'-iJ (4-pi ^-77^/1.) - 4 , 4 ' -^7-5; 
=/K N,N,N',N'-Tf.77 I =/u-4, 4' ->=T 5 

y -yy ^~^^—7-jv s 4,4'- fx 5 

J) ?t-FP7i^K 4-N,N-i?7:r.=/U7 5 y- 
(2-^7x=;Uf=/V) -O-e^, 3-y h*»>-4*-N,N- 
i^i^/UTS yx?vl-i>-ir>, N-7ii/^;^/ 
-/K 1,1-t'X (4- -7-p- Fy7J77x^) - -> 
*n^*fV % 1,1-fx (4-i?-p-hi|7^7x = 
/lO -4- 7a:=/l'->^ D^^-^v, t*X (4— I^fvUT 
S/-2- *?-A,y - 7x;;M^, N,N,N-h 

y (p-hy/U) 7^y, 4- (-7-p- FD^rjy) _ 4 ._ 

[4 (s?-p- f-y/ur^y) x?-y,i/j n, 

N,N',N'-x hx-p- h y/U-4,4'— ^T$y- t*7^- 
A\ N.N.N'.N'-v 1 N7 77^^/u-4 ) 4'-^ r 5 y_ ^ ^ 
=/MI-7 = =A'*^<j/-A', 4,4'- fx [N- (1-^-7 
-N- 7x=^- T?y] f7x=/K 4, 4" -fx 
[N- (1~J-7*V10 -N- 7x=;l- 7?y] p-*-7^ 
->K 4,4'- fx [N- (2-^79vP) -N- y=.=.jV- T 
$/] t'7x^/K 4,4'- fx [N- (3-7tt7f = 
/U) -N- 7x^ T$y] t*7x=/K 1,5- fx [N- 

(l-ty?-jv) -N- 7^,/u- 7^7] ±y?u>>^ 4, 

4'- fx [N- (9-T>hy/U) -N- 7 a=A- 7S/] 
t * 7l - ; K 4, 4" -fx [N- (l-7yh!);H -N- 7x 

-iv- rs y] r^-7ixA 4,4'- t 'x [n- (2-7 

^-^VSy/U) -N- 7i=/l~ 7;/] t'7x=;p, 4, 
4'- fx [N- (.S-y/U^-yy^-^) -M- 73L - /U _ ^ 
?y] f7x=;K 4, 4' -fx [N- (2-f^;P) - N - 
7 = =/l~ T$y] t'7x=;K 4,4'- fx [N- (2—? 
y U=.,V) -N- 7xx^- rS y] f 7 xn/K 4,4'- 
[N- (1-=jd^-/U) -N- 7x=yl- T?y] t*7 
^-/K 2,6-fX (S>-p- hy/U T $y) 7-7* 

2,6-fx [-7- (i-^ 7 ^) rsy] t7^i/y, 2, 
6-fx [n- ix-i-y^ju) -N- (2-t7^) T?;y]' 
77 4. 4" -fx [N,N-7 (2-7" 7^) 75 

y] ^~7i=;K 4.4'- fx {N-7x=;m- [4- 
(1-7-7^) 7x=*] 757) f7xz;K 4,4'- 
f'X [l(-7x=;H- (2-fU'=/P) - T$y] f7i 
=/K 2, 6- fx [N.N-7 (2-^-7 ^7U) T$y] 7/M" 
4,4"- fx (N,N-^-p- Ny/UT$y) ^-7 
^-/K fx (N-l-t7f^) (N-2-^-7^1/) T5>- 

to 0 2 l ] $ fefc, iEfLSA^, jETUfcSA, je** 

**£>-Ky-7- N #y (N-f=/u*/u^>'- / u) (cft^$ 



il**-/U||iSStt**ft# y "7-, # y yy >^(73->^ 

[0 0 2 2] ITO «ffi±CJ|&*1-53E?LflLA!£ LT 
tt, ^ICPf^li&l,^ ^7^d->7->/ £i j : *(7)^JS7 

E?LSEA« i LTffl ^ 5 i i t> T 1 5. 
[0023] SSilirii, SftfTSfCicttffl-cts 

[0 0 2 4] [MUM] HTfcMt«**tfT*«Wt' 

tttSVPC-400 *2**«$HayflU 7fyn-r^^ 

£ttS*1M±«IH-D3 Xfyn-^ mLfc> 
©SiJS:(iXD-v|±KDekTak3ST tt#£fkgt|-frffil^ 
7c 0 m+O)® ttffffilcti, S§*PBX 40-2. 5B:aE«jg(. g 
iiVOAC-7510 -r^y-^- hT-a^aMlWEW-itt 
fflL7c 0 SH^ITO Zmm, Alifttft LTiS»«Et 

1 v/ 2 S^sis-exx y ^ttfcfipjn l, mffi±# 1 # 
ttftfe* h = j> xpma-io^-7^*^^/^^^ >-4t^r 
[0025] mmm 1 

hfefeii5Q/n©iTo (yy-77A- xxstt, 

l-iE?L«i^tt5-^-rsTI2Stl : 
[ftl] 




T-S$^-5oNPD Srio torrTT', 3 A/#co^#i$^ 
[0 0 2 6] ftfc, «BE?L«aW3©±K. 56*14 
[ft 2] 




T-*£ft5 HJ^ (8-^y!)y7h) 7/i^^£A£g 
fM (&T rAlqjtVN^) 4 SriEAIftayi 3 fcl^C*ft 
T300 AoffStKS3IIE#LT»*Lfc D 
)t^4(7)±|^JiK-t: D >^l5^LT, Alq £Li£Li 
#1.5 M*%i45±5fc#-«r©tll#aaSrBBLT40 

»«fc*5*ffifW6 i LTAl«:«#a*15A/»T10 
00A«»Lfc o «%ff«OIK0.5cB , «|0.5cra (OjE*« 

ito t»8i««-cfe5Ai6 t^Mt, fi«t«EE£BMjn 
U 3B*»Alq4^e>(D»feaS*©3l»ftS:j||^Lfco B 

ft^39000cd/m 2 <7)^#SS:12V 
[£:fcl^T^Lfc 0 rO£#0>l;ffitefttt:8OO mA/cm 2 Tfe 
o7t 0 Sfc, 1000cd/m 2 (D»afi8 VT'ibtl/Co 
[0 0 2 7] Jttfcffl 1 

tiai:<, ITO ±^4-fiE?L«I^Jli LTaNP 
D £400 Atf)J?$fc:j&Jg£L, ^Jtd, *Jt*tLTAl 
q SriE?LlliS»i:nCftfl=t?600 A©*SKKfflHS3»L 
T*/*Lfc. -tLT, Alq ©±*»e>B*fc LTAl£2000 
ASK»Lfc, HI 2, B3©Zft^o3/Kj::©^» 
*- SJE#tt. ME- «iK«ft»tt&^i-fc<o-C*0, 
15V T'gf^6700cd/ra 2 ©WtHift^ofc, ifc, 
1000cd/m 2 1 3V«rWJDi"5^W s 

[0 0 2 8] fti&tfij 2 
HiS#J 1 t W*ft-C, ITO ±fcl*r jEJUfcSl tlta 
NPD £400 Atf>ffSlq*|JtU ^^±l-v Alq tLi£Li 
#1.5 ft*%t45J:5^300 Aco*$^JC^*»LT 
J&SU *0>±*&Alq £¥&T300 A^tLfc. *L 
T, Alq ©±*»6BPBiLTAl*:ioooAj|!E#Lfco ^<r> 

*^f±25VX^8cd/m 2 ^»St*4i4^ot 0 r 

r £ ^KJWKftlc^S^pr^-C*) 5 r t £^ LT^£ 0 
m^frbco&yt*^? h/WlAlq ^(DX^? 
h/H5^n-Kl!:4 9, SJfctt#«TLTlr\fc 0 ^ft 
tt, Alq 3»SLiK-tf^^KJ:Oa5c*ix, Alq <D^/U 

[0 0 2 9] ItttM 3 



Mtttl ilHtX, ITO ±l^*-fiE?L$w«li: LTaNP 
D £400 AoffSKfiSJRL, -t<B±K, *3tJiiUTAl 

q tJEiM&mkmKjkirt-cGQo Ao>mz\cx&m*L 

TMlf: 0 i IT, Alq ©±*>6>|»«fc LTMgtAg£ 
fi*jtT*10:lfc<c5 Jt 5l500A^»Lfco ^Ifttl 

3 VTftH5l7000cd/ni 2 c7)«a£-^xyc o Sfc, lOOOcd/m 
2 *>*ft«r#S0>fc, 9.5 VBWDr5£*^fcofc 0 H 

mm i <o&m k— t 6 y fi-t s t n 8 v t h s 

[0 0 3 0] £gftft| 2 
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